In continuation of our search for efficient pest control natural products from the flora of the South Eastern Sub-Himalayan biodiversity region, we have investigated wild edible Piper pedicellatum C. DC (Piperaceae) from Arunachal Pradesh, India against five important plant pathogenic fungi through an activity guided method, and a new compound, pedicellamide, was isolated. The structure was determined on the basis of extensive spectroscopic studies and confirmed by X-ray crystallography. The compound exhibited antifungal activities against the phytopathogenic fungal organisms Rhizoctonia solani (MIC 38.4 ± 1.6 µg/mL), Fusarium oxysporum (MIC 29.7 ± 0.8 µg/mL), Aspergillus niger (MIC 48.6 ± 0.7 µg/mL), Puccinia gramini (MIC 46.8 ± 1.4 µg/mL) and Curvularia lunata (MIC 49.1 ± 0.1µg/mL). Additionally, the antioxidant potential of the compound was estimated by DPPH, ABTS and FRAP assay and found to be 2.87 ± 0.20, 2.19 ± 0.13 and 3.96 ± 0.17 VCEAC (µM/g), respectively.
Fungal infections are the major constraints in the production and storage of different crops, destroying at least 125 million tonnes of major food crops each year [1] . Rhizoctonia solani, Fusarium oxysporum, Aspergillus niger, Puccinia gramini and Curvularia lunata are major causes of fungal infection in several important crops [2] [3] [4] [5] [6] [7] [8] [9] . Existing antifungal agents are mostly of synthetic origin and are reported to have a number of side effects, such as acute renal failure, hepatotoxicity, toxic porphyria, hemolytic anemia, neuropathy, asthma, dermatitis, and hemolysis [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] . Moreover, the emerging resistance of many of these fungi to different fungicides is also an alarming concern [20-23].
As part of our ongoing program in the search for new efficient pest control agents [24] [25] [26] [27] from the flora of the South Eastern sub-Himalayan region of the Indo-Burma biodiversity belt, Piper pedicellatum C.DC (Piperaceae) was investigated for the isolation of the active biomolecule.
P. pedicellatum is a dioecious, erect shrub, woody, quite glabrous and grows at an altitude from 600-1100 m in the evergreen forest area, and is traditionally used for body pain by the tribal people of Arunachal Pradesh, India [28] . Some steroids and one monoterpenoid ester having antituberculosis activity was earlier isolated from this plant [29, 30] . In this communication, we report the isolation from the leaves of P. pedicellatum and characterization of a new compound, designated as pedicellamide (1), and its antifungal and antioxidant properties. The structure of the compound has been established through 1 H and 13 C NMR spectroscopy and confirmed by single crystal X-ray crystallography. The antifungal properties of the isolated compound were measured against the plant pathogenic fungi R. solani, F. oxysporum, A. niger, P. gramini and C. lunata. The antioxidant activity of the isolated biomolecule was also estimated using DPPH, ABTS and FRAP assay.
Activity guided fractionation allowed the isolation of pedicellamide (1) from the concentrated light petroleum (60-80 o C) extract of the leaves of P. pedicellatum as orange colored crystals. The compound analyzed as C 15 H 17 O 4 N by elemental analysis and from the electron impact mass spectrum with [M] + at m/z 275 and [M+H] + at 276. The UV spectrum in methanol exhibited absorption maxima at 207.91 and 236.37 nm. In the IR spectrum, the absorptions at 3340 cm -1 and 1713 cm -1 were assigned to -OH and C=O present in the molecule. The ferric chloride test in ethanol showed a light blue color showing the presence of a phenolic hydroxyl group.
The 1 H NMR (400 MHz) spectrum revealed a singlet at δ 3.63, integrating for six protons, which was assigned to two methoxy groups. Two triplets at δ 3.05 and 3.12, with J = 6 Hz, each integrated for two protons and were assigned to two vicinal CH 2 groups. The D 2 O exchangeable singlet at δ 5.42 revealed the presence of a phenolic -OH. The singlet at δ 7.27 is due to two aromatic protons at C-2' and C-6'. Two doublets at δ 6.45 and δ 6.29, with J = 2 Hz, and each integrating for two protons, were assigned to the presence of two protons at C-α and C-β, respectively, in a pyrrole ring system. In the 13 C NMR spectrum the peak at δ 169.45 revealed the presence of a carbonyl carbon. Other 13 C signals were at δ 30.4, 36.6, 55.9, 104.6, 112.9, 118.6, 131, 132.8, and 146 ppm. NMR data are presented in Table 1 . The 1 H-1 H COSY spectrum revealed the coupled protons network in the molecule. Based on this evidence, the structure of the compound was determined as 3-(4-hydroxy-3, 5-dimethoxy-phenyl)-1-pyrrol-1-yl-propan-1-one (1). The structure was further confirmed by X-ray crystallography of its single crystal.
The X-ray crystallographic view of 1 is presented in Figure 1 (1) . short contact < (sum of vdW rad) in Figure 2 B. Selected bond lengths and angles of 1 are presented in Table 1 . Bond lengths and angles are reasonable, within experimental error. As, expected, the compound contains one benzene and one pyrrole unit. It crystallizes in the monoclinic system (P2 1/n ) in an asymmetric unit. Although there is no center of asymmetry in the molecule, it possesses asymmetry as a whole, as depicted by the crystal structure and this explains the small observed specific rotation of the molecule.
The atoms O1, O2, O3 and C9, which are bonded to the aromatic (C2, C3, C4, C6, C7, C8) planar ring, are almost coplanar with it. Methoxy C1 and C5 are almost in the same plane of the aromatic ring. The rest of the atoms (C10-C14) are above the plane of the benzene ring. Intermolecular hydrogen bonding was only observed in the crystal structure. Hydrogen bonding was observed between the phenolic OH (O2) and carboxyl (O4).
Pedicellamide (1) The strong antioxidant activity of the isolated compound (1) was evident from the DPPH, FRAP and ABTS assays. The value of antioxidant activity was expressed as Vitamin-C equivalent antioxidant capacity (VCEAC) in µM/g. The results from the three methods were comparable, ranging from 2.87-3.96 (µM VCEAC/g). The VCEAC value was highest in the ABTS assay and lowest in the FRAP assay ( Figure 3 ). The strong antioxidant activity of the compound is due to the presence of a phenolic -OH group with two neighboring methoxyl groups in the molecule.
Experimental

General experimental procedures:
Melting point was determined on a Buchii electro thermal apparatus and is uncorrected. UVvisible spectra were recorded on an Analyticjena UV-vis specord200 operated with Aspect plus v1.7 software. IR spectra were obtained from a Perkin Elmer System 1640FT FTIR spectrometer. 1 H NMR (400 MHz) and 13 C NMR (100 MHz) spectra were recorded on a Varian 400 NMR spectrometer in CDCl 3 using TMS as the internal standard. Electron Impact mass spectra (EIMS) were recorded on a Thermo GC-MS system. CHN analysis was made with a Perkin Elmer 2400S CHN Analyzer. The X-ray diffraction data were collected using a Bruker 3-circle SMART Apex diffractometer with CCD area detector with monochromated Mo-Kα radiation from a 60W micro focus. The structure was solved by a direct method and refined by full-matrix least squares against F 2 of all data, using SHELXTL software.
Materials: 2,2´-Diphenyl-1-picryl hydrazyl (DPPH), ferric chloride, ascorbic acid, aluminum chloride, potassium persulfate, and Extraction and isolation: Air dried and powdered leaves (50 g) were exhaustively extracted with light petroleum (60-80 o C) in a Soxhlet extractor for 20 h. After removing the solvent under reduced pressure below 50 o C, the concentrated extract was kept overnight to yield an orange colored crystalline compound. Recrystallization with acetone: n-hexane (1:1) led to 1 as needlelike, orange colored crystals (yield: 0.23%). 
3-(4-Hydroxy-3, 5-dimethoxy-phenyl)-1-pyrrol-1-yl-propan-1one
Antifungal activity:
Micro-organism preparation: Stock cultures of R. solani, F. oxysporum, A. niger, P. gramini and C. lunata were used throughout the study. The fungus species were maintained on Potato Dextrose (PDA) having a standard formula (per L) consisting of infusion of potatoes (300 g), dextrose (20 g) and agar (15 g) (Hi Media M096A). Standard PDA (41g) was suspended in 1000 mL distilled water, boiled to dissolve the medium completely, sterilized by autoclaving at 15 lbs pressure (121 o C) for 15 min, and mixed well before dispensing. Fungal species were grown for 72 h on PDA at 28 o C. For use in experiments, the species were grown separately on Potato dextrose broth (PDB) containing infusion from potato (200 g) and dextrose (20 g) (Hi Media, M 403). The broth culture was diluted to a concentration of 1x10 6 cfu with sterile distilled water for preparation of spore suspensions of the test fungus.
Test sample concentration: Stock solution of 1 was prepared initially by dissolving in ethanol and then diluted in water to a concentration of 100 µg/mL. Concentrations of 50, 40, 30, 20 and 10 µg/mL were prepared in water from the stock solution by standard broth dilution method. From each concentration of the sample, 0.1 mL was added to 10 mL of PDB Medium containing spores, shaken well, kept in an incubator at 28±1 o C for growth and observed daily. Activity was judged by measuring the dry weight of the test fungus after one week. The experiments were conducted with 3 replications and data were statistically analyzed.
Minimum inhibitory concentration:
Antifungal activity was expressed as % Inhibition = Sample weight (treated) /Control weight (untreated) x 100 [31] . Minimum Inhibitory Concentration (MIC) was considered as the highest dilution at which 100% inhibition of growth of the test fungal species was observed.
Antioxidant assay
DPPH assay: Reaction mixture containing 100 µL of sample, and 2.9 mL of DPPH(1,1-diphenyl-2-picrylhydrazyl) reagent (0.1 mM in methanol) was incubated in the dark at room temp. for 30 min and the absorbance of the resulting solution was measured against a blank at 517 nm [32] . The values were expressed as vitamin C equivalents of antioxidant capacity (µmol/g).
FRAP assay: Three mL of FRAP (Ferric reducing antioxidant power) reagent with appropriate concentrations of the sample were incubated for 4 min at room temperature and the absorbance of the resulting solution was measured at 593 nm [33] . The values were expressed as vitamin C equivalent antioxidant capacity (µmol/g).
ABTS
radical scavenging activity: 2,2´-Azino-bis(3ethylbenzthiazoline 6-sulfonic acid) radical cation (ABTS•+) was produced by reacting ABTS stock solution with 4.9 mM potassium persulfate solution (1:1) and leaving the mixture to stand in the dark at room temperature for 12-16 h before use [34] . The concentration of the resulting blue-green ABTS radical solution was adjusted to an absorbance of 0.700 ± 0.020 at 734 nm. Appropriately diluted standard solution dissolved in methanol was added to the solution resulting in blue-green ABTS•+. The mixture was incubated in the dark at 37°C for 10 min; absorbance at 734 nm was measured at the endpoint of 10 min.
